Searching PAJ 



1/1 



T-ENT ABSTRACTS OF JA 



(1 1 )Publication number : 1 1 -334677 

(43)Date of publication of application : 07.12.1999 



(51)IntCI. 



B62M 23/02 
B60L 15/20 



(21) Application number : 10-145542 

(22) Date of filing : 27.05.1 998 



(71) Applicant : 

(72) Inventor : 



SONY CORP 

NANAE YUICHI 
HAYASHI TOSHIRO 
HAYASHI HIROYOSHI 
SATO NAOMASA 
SUNAGUCHI HIROTAKE 
TANINA MASAJI 



(54) MOVING DEVICE WITH AUXILIARY POWER SOURCE AND CONTROL METHOD FOR THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently control the auxiliary power 
without using a mechanical torque sensor and to reduce the weight of 
the moving device. 

SOLUTION: A moving device 1 with an auxiliary power source 2 is 
provided with a speed detection means 3 and an acceleration 
detection means 4 for detecting the speed and acceleration thereof, 
and a incline detection means 5 for detecting a inclination of the 
moving device 1 or the driving road. A control means 6 controls the 
auxiliary power source 2 by calculating the auxiliary power value 
based on the detected information by the detection means. The 
control means 6 calculates a necessary work rate for maintaining the 
current speed of the moving device 1 and a necessary work rate for 
accelerating the moving device 1, and then obtains the auxiliary 
power value by multiplying the sum of both work rates by a 
coefficient value which is less than 1. Further the control means 6 
obtains an operating point as an intersecting point of graph lines 
based on the auxiliary power value-speed power value-speed 
characteristic drawing and the work rate-operation speed 
characteristic drawing of the auxiliary power source 2. Therefore the 
control means controls driving of the auxiliary power source 2. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently control the auxiliary 
power without using a mechanical torque sensor and to reduce 
the weight of the moving device. 

SOLUTION: A moving device 1 with an auxiliary power source 2 
is provided with a speed detection means 3 and an acceleration 
detection means 4 for detecting the speed and acceleration 
thereof, and a incline detection means 5 for detecting a 
inclination of the moving device 1 or the driving road. A control 
means 6 controls the auxiliary power source 2 by calculating the 
auxiliary power value based on the detected information by the 
detection means. The control means 6 calculates a necessary 
work rate for maintaining the current speed of the moving device 
1 and a necessary work rate for accelerating the moving device 
1, and then obtains the auxiliary power value by multiplying the 
sum of both work rates by a coefficient value which is less than 
1. Further the control means 6 obtains an operating point as an 
intersecting point of graph lines based on the auxiliary power 
value-speed power value-speed characteristic drawing and the 
work rate-operation speed characteristic drawing of the auxiliary 




power source 2. Therefore the control means controls driving of the auxiliary power source 2. 
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* NOTICES * 




iTPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] In migration equipment equipped with the auxiliary power unit for assisting a part of main driving 
force required for migration The speed detection means for detecting the rate of (b) migration equipment, and 
the acceleration detection means for detecting the acceleration of migration equipment, It has the dip 
detection means for detecting the dip condition of migration equipment or a transit way, It has the control 
means which computes an auxiliary power value based on the detection information by the (b) above- 
mentioned speed detection means, the acceleration detection means, and the dip detection means, and controls 
an auxiliary power unit, (Ha) While computing the power which needs the above-mentioned control means to 
maintain the current rate of migration equipment based on the detection information from the above- 
mentioned speed detection means and a dip detection means After computing power required for acceleration 
of migration equipment based on the detection information from the above-mentioned speed detection means 
and an acceleration detection means, an auxiliary power value is calculated by applying the multiplier value 
of under "1 " to the sum of both power, (**) — with the graph line which took the rate for the auxiliary power 
value calculated above (Ha) along the axis of abscissa for the axis of ordinate, and showed the change to the 
rate of an auxiliary power value The output (power) of an auxiliary power unit is taken along an axis of 
ordinate. When the graph track group by which takes the working speed of an auxiliary power unit along an 
axis of abscissa, and the property of an auxiliary power unit according to change of a control parameter is 
shown on it is piled up Migration equipment with which the control means was equipped with the auxiliary 
power unit characterized by sending out a control signal to an auxiliary power unit from a control means so 
that the power of the auxiliary power unit corresponding to the operating point concerned may be obtained in 
quest of the operating point specified as an intersection of a ** graph line. 

[Claim 2] In the control approach of migration equipment equipped with the auxiliary power unit for assisting 
a part of main driving force required for migration After detecting the dip condition of the rate of (b) 
migration equipment, acceleration, migration equipment, or a transit way, while computing power required to 
maintain the current rate of migration equipment based on the rate and dip information which were detected 
by (b) (b) After computing power required for acceleration of migration equipment based on a rate and 
acceleration information, The graph line which took the rate for the auxiliary power value which calculated 
the auxiliary power value and was calculated by the above-mentioned (Ha) (b) by applying the multiplier 
value of under " 1 " to the sum of both power along the axis of abscissa for the axis of ordinate, and showed the 
change to the rate of an auxiliary power value, The output (power) of an auxiliary power unit is taken along 
an axis of ordinate. Control an auxiliary power unit so that the power of the auxiliary power unit 
corresponding to the operating point concerned is obtained in quest of the operating point specified as an 
intersection of the graph line when piling up the graph track group by which takes the working speed of an 
auxiliary power unit along an axis of abscissa, and the property of an auxiliary power unit according to 
change of a control parameter is shown on it. The control approach of migration equipment equipped with the 
auxiliary power unit characterized by things. 

[Claim 3] The migration equipment equipped with the auxiliary power unit characterized by what the control 
means computed power required to maintain the current rate of migration equipment by applying the rate of 
migration equipment to the sum of the running resistance and the frictional resistance according to the 
inclination angle concerned for in migration equipment equipped with the auxiliary power unit indicated to 
claim 1 while a dip detection means detected the inclination angle of a transit way. 
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[Claim 4] The control appo^Bti of the migration equipment equipped wMe auxiliary power unit 
characterized by to compu^^wer required to maintain the current rate ofmigration equipment by applying 
the rate of migration equipment to the sum of the running resistance and the fractional resistance according to 
the inclination angle concerned in the control approach of migration equipment equipped with the auxiliary 
power unit indicated to claim 2 while having detected the inclination angle of a transit way. 
[Claim 5] It is migration equipment which it had in the auxiliary power unit characterized by to be performed 
control of an auxiliary power unit by the control means so that an auxiliary-power value may decrease along 
with the increment in the rate of migration equipment when an auxiliary-power value increases along with the 
increment in the rate ofmigration equipment until the rate of migration equipment reached the threshold 
decided beforehand in migration equipment equipped with the auxiliary power unit which indicated to claim 
1, and the rate of migration equipment exceeds the threshold concerned. 

[Claim 6] It is migration equipment which it had in the auxiliary power unit characterized by to be performed 
control of an auxiliary power unit by the control means so that an auxiliary-power value may decrease along 
with the increment in the rate of migration equipment when an auxiliary-power value increases along with the 
increment in the rate of migration equipment until the rate of migration equipment reached the threshold 
decided beforehand in migration equipment equipped with the auxiliary power unit which indicated to claim 
3, and the rate of migration equipment exceeds the threshold concerned. 

[Claim 7] Until the rate of migration equipment reaches the threshold decided beforehand in the control 
approach of migration equipment equipped with the auxiliary power unit indicated to claim 2 The control 
approach ofmigration equipment equipped with the auxiliary power unit characterized by controlling so that 
an auxiliary power value decreases along with the increment in the rate of migration equipment when an 
auxiliary power value increases along with the increment in the rate of migration equipment and the rate of 
migration equipment exceeds the threshold concerned. 

[Claim 8] Until the rate of migration equipment reaches the threshold decided beforehand in the control 
approach of migration equipment equipped with the auxiliary power unit indicated to claim 4 The control 
approach of migration equipment equipped with the auxiliary power unit characterized by controlling so that 
an auxiliary power value decreases along with the increment in the rate of migration equipment when an 
auxiliary power value increases along with the increment in the rate of migration equipment and the rate of 
migration equipment exceeds the threshold concerned. 



[Translation done.] 
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JPO and NCIPZ are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
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3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the technique which starts calculation and control of a 

****** value in migration equipment equipped with the auxiliary power unit. 

[0002] 

[Description of the Prior Art] As migration equipment which has an auxiliary power unit for assisting the 
main driving force, the assistant bicycle (or electric bicycle) equipped with the motor as an auxiliary power 
unit is known, for example. That is, the main driving force in this case is an operator's strength of its legs 
(treading strength), this is detected and the auxiliary power according to that size is generated by the motor, 
and it is constituted so that the burden of human power may be mitigated by compensating the insufficiency 
of an operator's strength of its legs. 

[0003] For example, direct detection of an operator's treading strength is carried out, the method of generating 
the auxiliary torque of the force and equivalent amount is learned, and the mechanical torque sensor attached 
to the crankshaft, the chain wheel, or the main shaft is used as a detection means of treading strength. 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, if it is in the above-mentioned equipment, there is a 
problem shown below about the size of a torque sensor, weight, etc. 

[0005] (1) Since the torque sensor containing a mechanical element is generally large- sized, inclusion to 
equipment is not easy for it, and the structure is complicated. 

[0006] (2) Since the weight of a torque sensor increases, consume a part of an operator's treading strength and 

motor power by this, and it becomes the cause which causes decline in transit effectiveness. 

[0007] Then, this invention makes it a technical problem to control auxiliary power efficiently, without using 

a mechanical torque sensor, and to attain lightweight-ization of migration equipment. 

[0008] 

[Means for Solving the Problem] This invention has the control means which computes an auxiliary-power 
value based on the detection information by the speed-detection means for detecting the rate of migration 
equipment, the acceleration detection means for detecting the acceleration of migration equipment, the dip 
detection means for detecting the dip condition of migration equipment or a transit way, and these detection 
means, and controls an auxiliary power unit, in order to solve the above-mentioned technical problem. And 
this control means calculates an auxiliary-power value by applying the multiplier value of under " 1 " to the 
sum of both power, after computing power required for acceleration of migration equipment based on the 
detection information from the above-mentioned speed-detection means and an acceleration detection means 
while computing power required to maintain the current rate of migration equipment based on the detection 
information from the above-mentioned speed detection means and a dip detection means. The graph line 
which took the rate for this auxiliary power value along the axis of abscissa for the axis of ordinate, and 
showed the change to the rate of an auxiliary power value, The output (power) of an auxiliary power unit is 
taken along an axis of ordinate. When the graph track group by which takes the working speed of an auxiliary 
power unit along an axis of abscissa, and the property of an auxiliary power unit according to change of a 
control parameter is shown on it is piled up A control signal is sent out to an auxiliary power unit from a 
control means so that the power of the auxiliary power unit corresponding to the operating point concerned in 
a control means may be obtained in quest of the operating point specified as an intersection of a ** graph line. 
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[0009] According to this invention, instead of a mechanical torque sensor Therefore, the rate of migration 
equipment, The graph line which established the detection means of acceleration and dip information, 
computed the power value (the amount of auxiliary power) required for assistance of the main driving force 
from detection information, and expressed this power value on the graphical representation as a function of a 
rate, The operating point (control point which specifies the operating state of an auxiliary power unit) is 
computable by asking for an intersection with the graph track group which expressed the output of an 
auxiliary power unit on the graphical representation as a function of the working speed. 
[0010] 

[Embodiment of the Invention] Drawing 1 is the explanatory view of the basic configuration concerning this 
invention, and migration equipment 1 has the auxiliary power unit 2 for assisting a part of main driving force 
required for migration. For example, a motor is an auxiliary power unit to the physical strength which a motor 
is an auxiliary power unit to strength of its legs which is main driving force in the case of an assistant 
(electric) bicycle, and is main driving force in the case of a wheelchair with the motor for assistance, a truck, 
etc. 

[001 1] Migration equipment 1 is equipped with the speed detection means 3 for detecting the rate, the 
acceleration detection means 4 for detecting the acceleration of migration equipment 1 , and the dip detection 
means 5 for detecting the dip condition of migration equipment 1 or a transit way. The sensor suitable for 
lightweight-ization can be used for these detection means, and detection information is sent out to the latter 
control means 6. In addition, although there is also a method of preparing both as an independent means about 
the speed detection means 3 and the acceleration detection means 4, as a dashed line shows to drawing, it is 
advantageous [ the direction which adopts the approach of computing acceleration and sending this out to a 
control means 6 ] in respect of simplification of a configuration, cost reduction, etc. by calculating the time- 
amount differential of the rate information sent out to the acceleration detection means 4 from the speed 
detection means 3. Moreover, about dip detection, there are an approach of detecting the dip of a transit way 
by detecting the inclination of the position of migration equipment 1, and the approach of carrying out direct 
detection of the dip of the transit way itself. 

[0012] A control means 6 computes an auxiliary power value (this is hereafter described as "PL".) based on 
the detection information by the speed detection means 3, the acceleration detection means 4, and the dip 
detection means 5, controls an auxiliary power unit 2, and assists the main driving force 7 by this. Namely, 
while migration equipment 1 computes power (this is hereafter described as "Pv".) required to maintain a 
current rate based on the detection information from the speed detection means 3 and the dip detection means 
5 It is based on detection information from the speed detection means 3 and the acceleration detection means 
4, and is power (this is hereafter described as "Pa".) required for acceleration of migration equipment 1. The 
multiplier value of under the sum "it is "1 to Pv+Pa"" of both power after computing (this is hereafter 
described as "beta" (0< beta<l).) An auxiliary power value is calculated by hanging (PL=beta- (Pv+Pa)). 
[0013] For example, if the model supposing the case where the migration equipment 1 of mass "M" is running 
the slant face S of an inclination angle "theta" explains as shown in drawing 2 , the component of a force "M- 
g-sintheta" of gravity "M-g" (g is gravitational acceleration) and the frictional force which multiplied the 
reaction "n" of the reverse sense by coefficient of friction "mu" equally to component of a force "M-g- 
costheta" will act on migration equipment 1 . That is, the magnitude (F) of the equilibrium force required to 
maintain the present rate as an arrow head A shows to this drawing, in case migration equipment 1 reaches 
and the hill is gone up is "M-g- (sintheta+mu-costheta)", and if the rate of migration equipment 1 is set to "v", 
the power Pv in this case will become like a bottom type. 
;0014] 
Equation 1] 

: 5 v(v)=F*v=M»g» (sinfl+#»cos#) • v 

[0015] Thus, a control means 6 computes the power which migration equipment needs for maintaining a 
current rate by applying the rate of migration equipment 1 to the sum of the running resistance and frictional 
resistance according to the inclination angle of the transit way detected by the dip detection means 5. 
[0016] Moreover, if acceleration is set to "alpha", the power Pa required for the acceleration will become like 
a bottom type. 
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Equation 2] 
5 a(v)= M • a • v 

[0018] Therefore, the auxiliary power value PL is calculated like a bottom type. 

[0019] 

[Equation 3] 

PL = ^ • (Pv+Pa) 

= l-M-[g*(8in0+#*cos0)+a]-v 
[0020] In addition, in a top type, it is beta= 0.5 by the assistant bicycle. 

[002 1 ] Moreover, according to the [-one number] thru/or the [-three number] type, the auxiliary power value 
PL is an amount proportional to a rate v, and it increases according to buildup of a rate v, but not only control 
such but the control which decreases the auxiliary power value PL gradually from the event of exceeding a 
value with a rate v is possible. That is, until the rate of migration equipment 1 reaches the threshold decided 
beforehand in this case When an auxiliary power value increases along with the increment in the rate of 
migration equipment and the rate of migration equipment exceeds the threshold concerned Since actuation 
control of an auxiliary power unit 2 is performed by the control means 6 so that an auxiliary power value may 
decrease along with the increment in the rate of migration equipment, it is restricted so that passing speed 
may be reaching the ceiling eventually (that is, power assistance beyond the need is not performed.). . 
[0022] The graph line Gl which the graph line GO which drawing 3 (A) takes a rate v along an axis of 
abscissa, takes the auxiliary power value PL along an axis of ordinate, shows an example of control, and is 
shown as a continuous line shows the control line in the inclination angle theta= 0 (flat ground), and is shown 
with a dashed line shows the control line in inclination angle theta=theta 1 (> 0), respectively. 
[0023] Each of these control lines is expressed like a bottom type, when carrying out the shape of a triangle, 
setting magnitude of a rate in case PL shows the peak value to "va" and setting to "vb" magnitude of the rate 
set to PL=0 in v>va. 
[0024] 
[Equation 4] 

= jS • (Pv+Pa) ( 0 £ v < v a £>ij§£) 

PL(v)<| 

= PK- vb-v (va^v^vb©^^) 
v b — v a 

- 0 ( v > v b®^) 

flU PK = £ • tPv(va) +Pa(va)] 

[0025] In addition, "PK" in a top type shows the peak value (that is, value in v=va) of PL. 
[0026] If it is necessary to carry out in consideration of the property about control of an auxiliary power unit 2 
for example, and a DC motor is taken up as an auxiliary power unit 2 When setting the output (power) to 
"Pm", setting rotational speed to "N" (accuracy angular velocity) and setting torque to "T", It becomes 
"Pm=N-T". The T-N property of a motor A primary function expression "T=Ts- [E/E0-N/N0]" Supposing it 
is expressed with however, (Ts:starting torque, an Eimotorised electrical potential difference, E0:reference 
voltage (measurement electrical potential difference of the static characteristic), and the rotational frequency 
at the time of N0:no-load), it will become like a bottom type. 
0027] 

Equation 5] 
Pm = N • T 

_!_§. (no -— N) • N 

NO U EO 

[0028] Above Pm is the secondary type of N, as shown in drawing 3 (B), takes N along an axis of abscissa, 
and serves as parabolic [ convex ] like the graph curve Hi (2 i= 1 , 3) by which Pm is taken and shown on an 
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axis of ordinate. That is, tJflptak value of Pm becomes large and the N-l^Tn an intersection (that is, 
N=N0.E / E0) with N shaft iSecomes large, so that the E value which is a control parameter is large. In 
addition, E value about the graph curve Hi is set to "Ei" (2 i= 1, 3) in drawing, and it considers as the relation 
of "E1<E2<E3." In addition, the graph curve corresponding to this exists innumerably so that clearly from E 
value being continuous volume, and the property of a motor is expressed by these curvilinear groups. 
[0029] Since both passing speed v and the rotational speed N are amounts which show speed and 
proportionality is among both about drawing 3 (A) and drawing 3 (B) when those axes of abscissa are 
compared, both can be doubled with the same unit by suitable scaling ratios (a periphery, a reduction gear 
ratio, etc. of a wheel.). And since both PL and Pm of an axis of ordinate have the dimension of power, both 
graphs can be piled up by taking the shaft of drawing 3 (A) and drawin g 3 (B) in every direction in the same 
unit, and it can ask for the operating point of control by this. 

[0030] Namely, the graph line which took the rate for the auxiliary power value PL along the axis of abscissa 
for the axis of ordinate, and showed the change to the rate v of the auxiliary power value PL (PL-v property), 
Take the output (power) Pm of an auxiliary power unit 2 along an axis of ordinate, and a control means 6 asks 
for the operating point specified as an intersection of the graph line when laying the graph track group (Pm-N 
property) which takes the working speed N of an auxiliary power unit 2, and shows the property of an 
auxiliary power unit 2 according to control-parameter E on top of an axis of abscissa. Control-parameter E is 
determined that the power of the auxiliary power unit 2 corresponding to the operating point concerned is 
obtained, and a control signal is sent out to an auxiliary power unit 2 from a control means 6. In addition, of 
course, forward functionality (that is, the increment direction of the working speed of an auxiliary power unit 
and the increment direction of the rate of migration equipment be in agreement) is accepted between the 
working speed of an auxiliary power unit, and the rate of migration equipment in this case. 
[003 1] Drawin g 3 (C) is piled up after arranging the graph lines GO and Gl of drawi ng 3 (A), and the graph 
line Hi (2 i= 1, 3) of drawing 3 (B) with the unit same about an axis of abscissa and an axis of ordinate. An 
example of the operating point when an example of the operating point when Point Pi (i=l-4) is decided as an 
intersection of the graph line Gl and the graph line Hi (2 i= 1, 3) is shown at, and Point Qi (i=l-3) is decided 
as an intersection of the graph line GO and the graph line Hi (2 i= 1, 3) is shown. 

[0032] For example, the rate in the operating point P3 is v=va, and it turns out that what is necessary is just to 
carry out a motorised electrical potential difference for acquiring the auxiliary power value PL (va) on the 
ascent hill of the inclination angle theta 1 at E=E3. 

[0033] In addition, although solution Lycium chinense can do the decision problem of an intersection easily 
when a comparatively easy formula expression as shown in the above [a-four number] and a [-five number] 
type is possible in the calculation approach of such the operating point What is necessary is to prepare 
beforehand each weighted solidity when changing a control parameter as a data table, and just to use the 
approach of determining an intersection using refer to the table or interpolation processing, in being a curve 
with the complicated property of an auxiliary power unit 2. 

[0034] If the control approach explained above is packed simply, it will become as shown in the following 
procedure ( 1 ) thru/or (3 ) . 

[0035] (1) Actuation control of the auxiliary power unit 2 according to calculation and this of the calculation 
(3) operating point of the detection (2) auxiliary-power value of the run state of migration equipment 1, or the 
dip condition of a travelling figure or a transit way. 

[0036] That is, in (1), the dip condition theta of the rate v of migration equipment 1, acceleration a, migration 
equipment, or a transit way is detected. 

[0037] And in (2), while computing the power Pv required to maintain the current rate of migration 
equipment 1 based on a rate v and the dip information theta, after computing the power Pa required for 
acceleration of migration equipment based on a rate v and acceleration a, the auxiliary power value PL is 
calculated by applying the multiplier value beta of under "1" to the sum of both power. 
[0038] For example, while detecting the inclination angle of a transit way, the power Pv required for 
maintenance of the current rate of migration equipment is computed by what the rate of migration equipment 
1 is applied to the sum of the running resistance and frictional resistance according to the inclination angle 
concerned for (refer to [-one number] type.). 

[0039] Moreover, when an auxiliary power value increases along with the increment in the rate of migration 
equipment about the auxiliary power value PL until the rate v of migration equipment 1 reached the threshold 
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decided beforehand, and tt^pte v of migration equipment exceeds the tWRiold concerned, it controls so that 
an auxiliary power value decreases along with the increment in the rate of migration equipment 1 (refer to [- 
four number] type.)- 

[0040] Then, it asks for the operating point prescribed to be also at the same system of units about the graph 
line which shows a PL(auxiliary power value)-v (rate) property, and the graph track group when changing a 
control parameter (E) about a Pm(output of auxiliary power unit)-N (working speed of auxiliary power unit) 
property as an intersection of superposition and a graph line in (3). And actuation control of an auxiliary 
power unit is performed so that the power of the auxiliary power unit 2 corresponding to the operating point 
concerned may be obtained. 

[0041] In addition, although the control parameter (E) was made into the driver voltage of a motor in the 
above-mentioned explanation, the approach of controlling the torque T of not only this but a motor (or force) 
may be used. In this case, the equilibrium force "F=M-g- (sintheta+mu-costheta)" over the relational 
expression, running resistance, etc. that a motor current "i" is proportional to Torque T is a basic type, and 
forms a current feedback loop in a motor control circuit. Like the graph line 10 when taking a rate v along an 
axis of abscissa, and taking Torque T along an axis of ordinate, as shown in drawin g 4 , or II, T is fixed in the 
range of "0 <=v<va", and motor control is performed by this so that T may decrease linearly in the range of 
"va<=v<=vb", and it may be set to T= 0 by v=vb and may be set to T= 0 in "v>vb." In addition, control in 
case control in case the graph line 10 is the inclination angle theta= 0, and the graph line II are inclination 
angle theta=theta 1 (> 0) is shown, respectively. 
[0042] 

[Example] Drawin g 5 thru/or drawin g 10 show an example of the operation which applied this invention to 
the assistant bicycle. 

[0043] In addition, until the vehicle speed reaches speed per hour 1 5 km/h according to the regulation system 
of Japan about an assistant (electric) bicycle After it performs assistant control with the power of 1 to 1 to an 
operator's treading strength and the vehicle speed exceeds speed per hour 1 5 km/h, the rate is reduced 
gradually. It is necessary to make auxiliary power into zero in speed per hour 24 or more km/h (that is, it is 
referred to as va=15 (km/h) and vb=24 (km/h) in drawing 3 or a [-four number] type.). . 
[0044] In the assistant bicycle 8 shown in drawing 5 , the motor 1 0 (it is equivalent to the above-mentioned 
auxiliary power unit 2.) is directly linked to the axle of the rear wheel 9\ and this motor 10 is controlled by 
the control unit 1 1 . In addition, the control unit 1 1 is being fixed to the plate 13 attached in the frame 12, and 
the cells (lithium ion battery etc.) 14 and 14 and ... which are the power source of a motor 10 are being 
similarly fixed to the plate 13. 

[0045] In order to acquire the basic intelligence of power control, the sensor 15 for inclination detection of a 
road surface, the sensor 16 for crank revolution detection, the sensor 17 for actuation detection of a front- 
wheel brake or a rear wheel brake, and IT (only the one side 17 f is shown in drawing 5 .) are prepared in the 
assistant bicycle 8. 

[0046] The configuration which detects the tilting angle of a pendulum by the hall device which counters the 
magnet which the sensor 15 (it is equivalent to the above-mentioned dip detection means 5.) for inclination 
detection is formed in order to detect the inclination of a road surface from the dip condition of a car body, for 
example, was attached in the pendulum, and this magnet, and is arranged is mentioned. 
[0047] Moreover, the sensor 1 6 for crank revolution detection is formed in order to acquire the revolution 
information on the cranks 19 and 19 rotated by treading in of pedals 18 and 18 (an angle of rotation, 
rotational speed, etc.). the revolution of the member which it is attached near the crank 19 and rotated 
synchronizing with a crank or its revolution ~ a noncontact type sensor (for example, the rotary encoder of 
optical and a magnetic formula etc. — ) He is trying not to apply the burden of strength of his legs to an 
operator by detecting. 

[0048] It is prepared in order that the sensor 1 7 for actuation detection of a brake and 1 T may detect the 
existence of actuation of the brake lever by the operator, and a sensor 17 is used for detection of whether to 
have applied brakes to the front wheel 9, and is used for detection of whether sensor 1 7' applied brakes to rear 
wheel 9\ 

[0049] As a detection means of a travel speed, revolution detecting-element 1 0a for detecting the revolution 
condition (rotational speed being included.) of a motor 10 is prepared in the motor 10. 

[0050] Drawing 6 is the block diagram showing an example of circuitry, and the above-mentioned sensor 15 
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for inclination detection, tl^J^nsor 16 for crank revolution detection, thijfcsor 17 for actuation detection of 
a brake, and the detecting signal obtained by IT are sent out to the computer 20 which contains CPU (central 
processing unit). 

[0051] A computer 20 calculates the amount of auxiliary power (the so-called amount of assistance) based on 
the detecting signal by revolution detecting-element 10a of the sensor 1 5 for inclination detection, or a motor 
10, generates the control signal according to the control characteristic of a motor 10, and sends this out to the 
motor drive circuit 22 through the PWM (pulse width modulation) signal generation logical circuit 21. 
[0052] In addition, the above-mentioned computer 20, and the PWM signal generation logical circuit 21 and 
motor drive circuit 22 grade are held in the control unit 1 1 . 

[0053] The sensor 23 for the Rota location detection and the sensor 24 for rotational-speed detection are 
contained in revolution detecting-element 10a prepared in the motor 10, and the detecting signal by these 
sensors is sent out to a computer 20 as information concerning revolution condition detection of a motor 10. 
That is, the sensor 24 for rotational-speed detection is equivalent to the above-mentioned speed detection 
means 3, and an acceleration detection means 4 to ask for acceleration by time amount differential of the 
detection information by the sensor 24 concerned is realized by the software processing in a computer 20. In 
addition, about sensors 23 and 24, these can also be prepared separately, and only the detecting signal of the 
sensor 23 for the Rota location detection can be obtained, and a rate detecting signal can also be obtained by 
the time amount differential (for example, the pass time between two positional information by the sensor 23 
is measured.). 

[0054] Next, the formula of the amount of auxiliary power required for the computation in a computer 20 is 
explained. 

[0055] When the total power about the assistant bicycle 8 is set to "P" (unit: W), this is equal to the sum of 
power "Pv" required for the rate maintenance in this time, and power "Pa" required for acceleration 
(P=Pv+Pa). 

[0056] About Pv, it is calculated like a bottom type using mass "M" (for =Mf+ Mh, however "Mf ! , the mass 
of a car body and "Mh" are an operator's mass), a rolling-friction multiplier "mu", the effectiveness "eta" of a 
motorised system, and a rate "v." 
[0057] 
[Equation 6] 

p _ M * g - (sinfl + #»cosg) * v 



[0058] In addition, about effectiveness "eta", it is 1 in a direct drive. 

[0059] Next, when setting to "t" time amount which "vO" and acceleration take initial velocity about Pa, it 
becomes like a bottom type. 
[0060] 
[Equation 7] 

p a _ M - (v 2 - (vO) 2 ) 
2 • t 

[0061] In addition, a top type is drawn from the relation between kinetic energy, and power and a duration. 
[0062] About the property of a motor 10, as explained in the [-five number] type, be [ a T(torque)-N 
(rotational frequency) property / linear ], i.e., when T shall decrease functionally the 1st order along with the 
increment in N, it is expressed like a bottom type. 
[0063] 
[Equation 8] 
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NO 

N = -JiJL.T + NO' 
i s 



T = 



E 



L T s J NO 



[0064] In addition, it is as having mentioned already about "NO" and "Ts", and the 2nd and 3 formula of a top 

type is exactly what carried out formula deformation about the 1 st T formula and E, respectively. 

[0065] When setting to "Pm" power assisted with the radius of a wheel by "r" and the motor 10, this becomes 

like a bottom type. 

[0066] 

[Equation 9] 

—8 . T 

Pm - 100 1 

r M = • v 



[0067] In addition, the multipliers "g/100" of the right-hand side in a top type are the unit of torque, and a 
conversion rate between "Kgf-cm" and "N-m (newton meter)." 

[0068] Therefore, in consideration of the above-mentioned regulation system, the auxiliary power value PL is 
specified for speed range like a bottom type by dividing into three like a bottom type about auxiliary power. 
[0069] 

[Equation 101 

T =-±- - P 



( 0 £ v < v a 



= • P (va) • ^— ( v a £ v £ i v b <D»£0 

2 v b - v a 

= 0 (v>vb<B*<gr) 



v a = 1 5 (km/h) 
v b = 2 4 (km/h) 
0 = 1/2 

[0070] In addition, "-(1/2) P (va)" in a top type is the peak value of Pm in v=va. 

[0071] If it asks for "E" from the 1st formula and [a-six number] of a top type thru/or a [-nine number] type, it 

will become like a bottom type. 

[0072] 

[Equation 1 1 ] 

-I — 100'Pv.r-EO ~i— 1 0 0 ■ Pa * r • EO 

E = — — = + N — + — = 

g'Ts -v NO g * Ts • v 



= A + B + C 

[0073] That is, "E" consists of an include-angle term "A" including the inclination angle theta, a rate term "B" 
proportional to a rate v, and an acceleration term "C." 

[0074] If the include-angle term "A" in the above-mentioned [a-1 1 number] formula comes to be shown in the 
1st formula of a bottom type [a- 12 number] and shows the include-angle term A in the three above-mentioned 
speed range to each **, it will become like a bottom type. 
[0075] 
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[Equation 12] 

A =-£■ 



0 0 M • r • E 

2 n — 



• A n ( 0 ) 



fil/x An (9) = (sin^ + tf ■coaflj/ij 



i ) 0 £ v < 1 S ( kffl/h ) 



A « 



1 0 0 
2 



' A Q ( 9) • (M f +M h ) • 



T s 



i i) 15 (km/h) £ v < 2 4 (kni/h)©^ 



A' 



- A - 



2 4 - v 



2 4-15 



i i i) v > 2 4 (km/h) 



[0076] In addition, "A"' shows the include-angle term in speed range "15<=v<24" (unit: km/h), and "A"" 
shows the include-angle term in speed range "v>=24" (unit: km/h). As shown in a [-12 number] type, when 
theta is set constant, it is supposed that an include-angle term is fixed in less than 15 km/h, it falls along with 
lifting of a rate in the 1 5km/h or more less than 24km [/h ] range, and a rate serves as zero in 24 or more 
km/h. 

[0077] Moreover, the above-mentioned rate term B is proportional to a rate v, as shown in a bottom type. 
[0078] 

[Equation 13] 



60 „ EO 
2-ff-r v NO 

[0079] If the acceleration term C in the above-mentioned [a-1 1 number] formula comes to be shown in the 1st 
formula of a bottom type [a- 14 number] and shows the acceleration term in the three above-mentioned speed 
range to each **, it will become like a bottom type. 
[0080] 

[Equation 14] 
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= 1 0 0 . v' - (vO)? l 



• r - EO 



4 v • t 



g • T s 



i) 0 _ v < 1 5 (km/h) 



Q ^ 1 0 0 . 



2 • 



A v 



M • r • E 0 



4 



g • T s 



i i) 15 (km/h) £ v < 2 4 (km/h) 



= C • 



2 4 - v 



2 4-1 



1 5 



i i i ) v- 2 A (km/h) 



[0081] In addition, by the 2nd formula of a top type, it set with "deltav=v-vO" by the 1st formula, and the 
approximation which disregards the high order term "[(deltav) A 2] /v", i.e., the secondary term, was used. 
Moreover, "C" shows the acceleration term in speed range "15<=v<24" (unit: km/h), and "C m shows the 
acceleration term in speed range "v>=24" (unit: km/h). 

[0082] Drawin g 7 thru/or drawin g 10 apply a concrete numeric value to the above-mentioned formula, and 
visualizes it as a graph. 

[0083] Drawin g 7 shows the case where the graph line which takes a rate v (unit: km/h) along an axis of 
abscissa, takes the above-mentioned power PL (unit: W) along an axis of ordinate, graph-izes the above [a-ten 
number], and shows the case where the graph line shown in this drawing as a continuous line is theta= 0 
(degree), and is shown with a dashed line is theta= 3.5 (degree). 

[0084] in addition — accelerated motion, such as resulting [ from 0 km/h ] acceleration of the assistant bicycle 
8 in 10.8 km/h in 5 seconds, ~ regarding (finishing [ a check of that it is practically sufficient acceleration by 
experiment ]) — it turns out that the power is equivalent to going up the slope which the inclination of 3.5 
degrees attached from the above [a- six number], a [-seven number] type, etc. 

[0085] Drawin g 8 is the graphical representation which illustrated the output characteristics of a motor 10, 
takes a rotational frequency N (unit: xlOrpm) along an axis of abscissa, and takes the above-mentioned power 
Pm (unit: W) along an axis of ordinate. 

[0086] As for the graph line which the motorised electrical potential difference E shows the case of maximum 
(it is 100% by percentage display), and shows the graph line shown with a broken line all over drawing 
according to a two-dot chain line, the motorised electrical potential difference E shows 80% of case by 
percentage display. 

[0087] The operating point is determined that drawin g 9 combined the graph line of PL and Pm, and showed 
and mentioned it above about the axis of abscissa of drawin g 7 and drawin g 8 by what the unit (km/h) of a 
rate is doubled for (the conversion to the relation and speed (km/h) of "v=2 and pi-r-N" (m/s) are performed 
using a wheel radius as "r (m)".) from the intersection of these graph lines. 

[0088] Drawing 10 takes an electrical potential difference E (unit: V) along an axis of abscissa, takes the 
above-mentioned power Pm (unit: W) along an axis of ordinate, graph-izes the above-mentioned [a-nine 
number] formula (what substituted the 2nd formula of [a-eight number] for T.), and shows the graph line 
when changing a rotational frequency N (unit: rpm) as a parameter. 

[0089] In addition, the case where the graph line which shows the case where the graph line which shows the 
case where the graph line shown with a broken line is N= 150 (rpm), and is shown as a continuous line is N= 
1 00 (rpm), and is shown with a dashed line is N= 80 (rpm) is shown all over drawing, and about an electrical 
potential difference E, since these are linearity, they are easy to control. 
[0090] 
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[Effect of the Invention] ^^J^ding to invention concerning claim 1 or dBR 2, inclusion to the equipment of 
this detection means becomes easy by establishing the detection means of the rate of migration equipment, 
acceleration, and dip information instead of a mechanical torque sensor so that clearly from the place 
indicated above. Moreover, neither a part of an operators treading strength nor power of an auxiliary power 
unit is superfluously consumed with the weight of these detection means, and improvement in transit 
effectiveness and lightweight-ization of equipment can be attained. 

[0091] According to invention concerning claim 3 or claim 4, the inclination angle of a transit way can be 
detected and the power which migration equipment needs for maintaining the present rate can be easily 
computed by applying the rate of migration equipment to the sum of the running resistance and frictional 
resistance according to this. 

[0092] When a threshold with the rate of migration equipment is exceeded according to invention concerning 
claim 5 thru/or 8, it can restrict by controlling so that an auxiliary power value decreases along with the 
increment in the rate of migration equipment so that the rate of migration equipment may not become quick 
beyond the need. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



2/21/2005 



Page 1 of 4 



* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawin g 2] 
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[Drawing 10] 
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